Hypericum accumulate phenolic compounds with the phloroglucinol substitution pattern, and there are many reports of such substances isolated from the aerial parts of the plants. In this study, flowers of plants grown in south Brazil were analyzed by means of HPLC, verifying the presence of benzopyrans in H. polyanthemum and dimeric phloroglucinol derivatives in H. caprifoliatum, H. connatum, H. myrianthum and H. polyanthemum. All flowers presented flavonoids, mainly quercetin derivatives, whereas hypericin and analogues were not detected.
The genus Hypericum (Guttiferae) has received special attention due to the recognized antidepressant activity of H. perforatum L. and by the use of several species in traditional medicine. In addition, species such as H. androsaemum L., H. calycinum L. and H. perforatum have ornamental value due to their beautiful yellow flowers and red-brown berries.
Hypericum species have a strong tendency to accumulate phenolic constituents, presenting a wide array of biological activities, including antidepressant, antiviral and antibacterial effects. The most common compounds isolated from these plants are polycyclic quinones, xanthones, flavonoids, phloroglucinol derivatives and, less frequently, benzopyrans and benzophenones [1] ; some of these compounds have a chemotaxonomic importance in the infrageneric classification of the genus [2, 3] .
Some of the 20 Brazilian species of Hypericum have been analyzed [1] . From the leaves and flowers of H. brasiliense Choisy, xanthones and phloroglucinol derivatives were isolated [4, 5] . Research on species native to south Brazil resulted in the isolation of phloroglucinol derivatives, uliginosin B from H. myrianthum [2] , H. carinatum Griseb. and H. polyanthemum, and hyperbrasilol B from H. caprifoliatum Cham. & Schlecht. and H. connatum Lam. [3] , benzophenone derivatives from H. carinatum [6] , and benzopyrans from H. polyanthemum [7] . All native species presented flavonoids and tannins [8] and small amounts of essential oil [9] .
The flowers of Hypericum species are characteristically yellow. Gronquist and co-workers [10] demonstrated that the flower of H. calycinum, which appears uniformly yellow to humans, bears a UV pattern, presumably visible to insects. Two categories of pigments, flavonoids and phloroglucinol derivatives were found to be the UV demarcations in this flower. Phloroglucinol derivatives were found in high concentration in the anthers and ovarian wall of the flower, suggesting that the compounds also serve in defense, possibly for protection of the developing pollen and seeds against insect herbivores. Some substances of this group are known to repel both mites and aphids [11] and feeding tests conducted with one of the phloroglucinol derivatives isolated from H. calycinum (hypercalin A) showed the compound to be deterrent and toxic to a caterpillar (Utetheisa NPC Natural Product Communications 2008 Vol. 3 No. 2 237 -240 ornatrix) [10] . Phloroglucinol derivatives have also been recognized as antimicrobial compounds [12] and could protect the flower against microorganisms. In this work we evaluated the presence of the phenolic compounds benzopyrans, phloroglucinol derivatives, hypericins and flavonoids in the flowers of some south Brazilian Hypericum species in order to determine whether the native plants accumulate phenolic compounds, as do other species of the genus.
The benzopyrans 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopyran (HP1), 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-benzopyran (HP2) and 5-hydroxy-6-isobutyryl-7-methoxy-2,2dimethyl-benzopyran (HP3), previously isolated from H. polyanthemum [7] and compared in different parts of the plant [13] , were found in high contents in the flowers (0.37%, dry wt of HP1, 1.10%, dry wt of HP2 and 1.40%, dry wt of HP3).
In the present study, the same compounds were detected, but in different concentrations: 0.43% (HP1), 0.10% (HP2) and 0.19% (HP3), all based on dry wt. This difference could be due to the different time and locality of collection of the flowers, as well as to variation among plant parts and phenological stages of the plant [14] . Likewise, the study of the distribution of bioactive substances from H. brasiliense during plant growth demonstrated that the highest concentration of phenolic compounds was found during flowering [15] . Çirak and coworkers demonstrated that floral parts had the highest hypericin content in Turkish species tested. Nevertheless, diurnal fluctuation in the hypericin content of the whole plant during the course of ontogenesis varied among the studied species [14c].
The above mentioned benzopyrans were present only in H. polyanthemum. This class of compounds has not been frequently described in Hypericum species, but they are found as a moiety of phloroglucinol derivatives, as can be seen in uliginosin B, drummondin A, B, C and D, and hyperbrasilol B, among others [2, 5] , as well as in the benzophenones isolated from H. carinatum [6] .
Peaks with a retention time similar to that of uliginosin B were detected in the n-hexane extracts of the flowers of H. myrianthum, H. polyanthemum and H. caprifoliatum. This is the first report of the occurrence of this metabolite in the last species. Japonicin A, previously isolated from the leaves of H. myrianthum, was also present in the flowers of this species and H. connatum, whereas hyperbrasilol B was found in the flowers of H. caprifoliatum and H. connatum.
The flowers of the native species also showed the presence of flavonoids. All of them were found to have compounds with the TLC profile of quercetin derivatives, both the free aglycone and glycosylated compounds. Although there are several reports on the occurrence of flavonoids in Hypericum species [16, 17] , the determination of there compounds in the flowers has not been so frequent. H. perforatum flowers, for instance, present quercetin, quercitrin, isoquercitrin, hyperoside and rutin [18] ; Gronquist and co-workers [10] found quercetin glucuronide and I3-II8-biapigenin in the flowers of H. calycinum. These compounds may contribute to the yellow color of the flowers.
Other pigments present in Hypericum species are hypericin and its derivatives. No compounds with the chromatographic behavior of these substances were found in the flowers analyzed in this work. This is in accordance with a previous study that screened for the presence of hypericins in eight native species and demonstrated that neither hypericin nor its derivatives were present in the aerial parts [19] . [20] . A common characteristic of these species is the presence of dark glands in their aerial parts. present dark glands. Therefore, the absence of hypericins in our samples is consistent with the absence of these glands.
Hypericins have been detected in
In the light of the results of the present investigation, as well as in the previous report on the occurrence of phloroglucinol derivatives in flowers of some Hypericum species, it can be concluded that these compounds have an ecological significance which can be both UV markers and protectors against microorganisms. The other compounds, the benzopyrans, found in the flowers of the native Hypericum species can have the same function. In addition, all the compounds, except japonicin A and the benzopyran HP1, are intensely yellow and contribute to the color of the Hypericum flowers. 
Experimental

Sample preparation and chromatographic analysis:
The liquid chromatographic separations were achieved using a Waters 600 pump, a Waters Nova-Pack C 18 column (4 μm, 3.9 x 150 mm) adapted to a guard column, Waters Nova-Pack C 18 60A (3.9 x 20 mm) and a Waters 2487 dual λ absorbance detector. The air dried and powdered flowers (500 mg) were treated successively in an ultrasonic bath with n-hexane and ethyl acetate for 15 min (until exhaustion); the organic extracts were combined and evaporated to dryness under reduced pressure. The nhexane residues were dissolved in 5 mL of HPLC grade methanol and filtered (0.22 µm pore size, Merck). The analysis was carried out using HPLC and an isocratic solvent system (95% CH 3 CN, 5% H 2 O and 0.01% TFA), with a flow rate of 0.6 mL min -1 ; detection was performed at 220 and 270 nm at room temperature and the elution time was 30 min to analyze the presence of phloroglucinol derivatives. An isocratic solvent system (60% CH 3 CN, 40% H 2 O), with a flow rate of 1 mL min -1 , detection at 270 nm at room temperature, and an elution time of 25 min was used for the analysis of benzopyrans. The injection volume was 20 μL for all the samples and standards.
Retention time of the purified standards was used to identify the constituents of the extracts in HPLC analysis. The compounds used as references were isolated from the aerial parts of the plants by column chromatography and by preparative TLC, as described elsewhere [3, 7] . The phloroglucinol derivatives uliginosin B and japonicin A were obtained from H. myrianthum [2, 12] , hyperbrasilol from H. caprifoliatum [12] , and the benzopyrans 6isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopyran, HP1, 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethylbenzopyran, HP2, and 5-hydroxy-6-isobutyryl-7methoxy-2,2-dimethyl-benzopyran, HP3 from H. polyanthemum [7] . The identity and purity of the compounds were confirmed by 1 H NMR spectroscopy.
The benzopyrans were quantified using peak areas to calculate the amount of the compounds present in the flowers. Identification was made on the basis of ultraviolet absorption spectra and retention times of the standards. The amount of benzopyrans was calculated by using a calibration curve and was measured in μg/mL with: HP1 -range of 3.90 to 250, R 2 = 0.9994; HP2 -range of 1.95 to 500, R 2 = 0.9997; HP3 -range of 0.97 to 250, R 2 = 0.9997. Benzopyran contents were expressed as a percentage of the freeze dried weight of the flowers. The ethyl acetate extracts were analyzed for hypericin, pseudohypericin and flavonoid contents by TLC using ethyl acetate: methanol: water (100: 13,5: 10) as development solvent. The chromatogram was sprayed with Natural Product Reagent and analyzed under UV light. The flavonoids used as references, quercetin, hyperoside, guaijaverin, quercitrin, isoquercitrin and 3-methyl quercetin, were isolated previously from the aerial parts of the Hypericum species investigated in this work [22] .
